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INTRODUCTION
Modification and revision are apparently as necessary in
our every-day life as is life itself. Wherever we may turn,
evidence of change, be it rapid or slow, confronts us. The
march of civilization, progressively or regressively, is
fundamentally a change of living conditions, so much so that
today we frequently hear and speak of our present conditions
as our changing social order. Bode maintains that provision
for this change is the essence of democracy; and therefore, is
a guiding principle in education.
^
To carry this idea of change over into the field of
physical education is to follow through with the thoughts of
G. Demeny who has said, ’’The problem of physical education is
susceptible of precision. It should be attacked by every
means that modern science has at its disposal. Whenever one
takes pains to measure, ideas become clearer; to introduce a
new instrument of measurement is tp render a greater service
to the cause than to form opinions or prejudices • ”
^
2
^
A survey of the literature in the field of physical
education will prove rather conclusively that this principle
of change and revision is finding here a very fertile field
for growth.
( 1
)
Bayd H. Bode - Modern Educational Theories Page 35.
(2)
G. Demeny - Research Quarterly - March, 1935 Page 5.
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More specifically, we are concerned with the physical
fitness index as standardized by Doctor Frederick Rand Rogers
in 1925, Here we find recommendations, some sound, others
fallacious, for change or revision for practically every test
in the battery.
The problem of this thesis and the contribution I make
to the principle of change and to physical education is the
outgrowth of an improved method in measuring leg strength.
This commendable improvement was the work of Gordon Hathaway,
Boston University, 1937, and has been described by Doctor
Rogers as the outstanding improvement in physical fitness
measurement during forty years of its use.
The introduction of this improved method in measuring
leg strength has resulted in substantial increases over
scores which were made by the old method and which were used
in determining the "old” norms. Consequently, since
"Standards of measurement are only second in importance to
( 1 )
the measurement itself, it becomes necessary to revise the
old standard of norm and provide for proper relationship be-
tween an individual^ score and the standard.
To determine these new standards it is necessary to
measure the pupils for whom they are to be used and with the
same measuring procedures used to secure scores which are
(1) F. R. Rogers Fundamental Administrative Measures in
Physical Education. Page 56.
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later to be related to these norms. This involves physical
fitness measurements in entirety on as many pupils, in as
many different localities, as the limits of practicality will
allow. The scores of these measurements, through statistical
analysis, will result in new norms, undoubtably higher than
the old norms and adaptable to the use of the belt in testing
the leg strength. They will provide a more valid means of
comparison between an individual^ physical fitness and the
present day average on norms.
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The Tests and the Subjects
In determining these new norms every effort was made to
maintain the highest standards in objective measurement. Those
who aided in the testing were all trained testers, familiar
with the proper procedures and philosophy of physical fitness
testing. Of the twenty-two hundred and eighty-three cases
used in the study, approximately fifteen hundred were supervised
or tested by the author, whose selfish desire for a sound
thesis brought an added emphasis to a demand for accuracy and
thoroughness in testing. Those cases not supervised by the
author were obtained from such schools as Braintree, Brookline,
and Needham where physical fitness testing, thoroughly and ac-
curately administered, is an integral part of the physical
education program.
Twenty-three other elementary schools, junior high schools,
high schools, academies and colleges located within fifty
miles of Boston were involved in this study dealing with about
twenty-three hundred pupils. Such distribution over such an
area argues well for adequate sampling.
To provide for adequate age distribution and statistical
reliability an effort was made to secure at least one hundred
cases on each age level. With the exception of two or three
age levels on each extreme, this goal was attained. The fol-
lowing table shows the age distribution and the total number
of cases involved in the study.
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DISTRIBUTION OF CASES ON DIFFERENT AGE LEVELS
AGE NUMBER OF CASES
10 27
10 - 6 61
11 82
11 - 6 103
12 90
12 - 6 123
13 110
13 - 6 127
14 147
14 - 6 140
15 206
15 - 6 198
16 150
16 - 6 102
17 120
17 - 6 100
18 103
18 - 6 108
19 90
19 - 6 50
20 46
TOTAL 2283
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6In carrying out the testing the standardized procedure for
(1)
physical capacity tests was followed, with the exception of
leg strength testing.
Each pupil’s name, height, weight and age was recorded on
the P. F, I. card on the day of the test. Vital capacity as
measured by the wet spirometer was tested and recorded.
The strength of grip of each hand measured by grasping the
elliptical hand dynamometer was measured next and recorded.
Strength of back measured by lifting, with the knees
straight, using the back and leg dynamometer was measured next
and recorded.
Strength of legs measured by lifting with the belt adapta-
tion attached to the back and leg dynamometer was next measured
|
and recorded.
Strength of arms measured by pushups from a stall bar
bench and pullups with the subject’s heels resting on the floor
were next measured and recorded,
||
In measuring the leg strength by use of the belt the
procedure as established by the inventor, Gordon Hathaway, and
acquired by the author through personal experience and associa-
tion in testing with Mr. Hathaway, was followed. In an article,
soon to appear in the Journal of Health and Physical Education
by Professor Edgar Everts of Boston University and Gordon
Hathaway, a description of the new technique in testing leg
strength, will be found,
(1) F. R. Rogers, Physical Capacity Tests,
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It is apparent to one familiar with kinesiology that this
new "belt" method Is measuring the same ability or capacity as
that measured by the "old" hand method.
In the P. F. I. battery leg strength is measured by
determining the limit of lifting power of the extensor muscles
of the thighs and legs. This process involves chiefly the
gluteus maximus, biceps, s emit end inosus
,
and s emi-membranosus
,
psoas, rectus femorus, tensor, iliacus, sartorius, and to a
much lesser degree the tibialis anterior, gastrocnemius, soleus
and penoneus longus. An Improvement, such as the use of the
belt in the method of testing these muscles, may alter the
scores. However, it does not render possible any score for
leg strength beyond the natural limits of the leg muscles alone,
because all weights carried, whether by the belt method or any
other, are transferred to the legs. The methods differ but the
measures are logically of the same ability. Futher proof of
the similarity between the two measures might easily be had.
To provide it here seems to be unnecessary since that is not
the objective of this thesis.
In the application of physical fitness testing consider-
able difficulty has been evident in securing reliable results
by the old hand method. This has been especially true of
inexperienced testers. Experienced testers also have had the
feeling that the true power of the leg muscles has not been
shown in the scores of the taller and heavier types of

individuals. Difficulty in securing proper adjustment of the
crossbar to the thighs of individuals varying in height and
weight, and varying in length of thigh and length of arm, has
been a negative factor in the promotion of physical fitness
testing. Frequently the clamping of the crossbar to the thigh
by means of the tester's hands bruised the subject and
militated against a maximum lift. It was practically impossible
for most women to administer leg lift tests because of weaker
grip strength than men. Even with men doing the testing it
was impossible to hold the bar securely enough to obtain the
maximum lift in testing the stronger subjects. It was not
uncommon to discover gross errors in results, due to the
fatigue of testers. The use of the belt not only eliminates
many of these faults but conserves the energy of teachers as
well as being more satisfactory to the subjects.
•.
'
I
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The new technique involves the use of a pliable canvas
belting about three or four inches wide and about five feet in
length. On one end of the belt is a loop which can be attached
to one end of the cross bar of the back and leg dynamometer.
The subject stands erect on the platform so that the midpoint
of the arches of the feet are on a line with and perpendicular
to the scale on the dynamometer. The cross bar is held by
the subject, hands close together, so that it is two or three
inches below the apex of the angle caused by the legs flexing in
the hip joint. The looped end of the belt is attached to one
end of the cross bar and the free end is brought around the
subject’s hips just above the gluteal muscles. The free end
of the belt is then looped around the other end of the bar so
that the free end of the belt is next to the body. In this
position, the pressure of the belt against the body and the
resultant friction of the free end against the standing part
of the belt holds the bar securely placed so that it never
slips. The subject is then instructed to squat and when the
knees are slightly bent the nearest link of the chain attached
to the dynamometer is placed on the cross bar hook. The choice
of the proper link is best established through experience. The
choice of the v/rong link, making the chain too long or too short
or rather, bending the legs too little or too much, will make a
considerable difference in the subject’s score. In establish-
ing these norms several subjects were given two or three tests
with the length of the chain changed each time in order to
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obtain the best possible score. Prior to instructions to lift
steadily and gradually each subject was checked for position of
’’arms straight,” ”head erect,” and ’’chest up.” Each subject was
urged to continue lifting as long as the pointer showed in-
creasing pressure. When the maximum was obtained, the subject
was instructed to stop and the attained score was recorded on
the P. P. I. card.
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METHOD OF DETERMINING NORMS
) After completing the physical capacity tests, statistical
analysis of the records to establish norms was made according
to the procedure set up by Doctor Rogers in standardizing the
( 1 )
physical capacity tests.
STRENGTH INDEX MEDIANS, PROBABLE ERRORS OF MEDIANS,
QUARTILES AND INTERQUARTILE RANGES ON DIFFERENT
AGE LEVELS
The physical fitness index cards bearing each individual's
record of tests and accumulated strength index were separated
into piles, according to age alone, by six-months intervals.
Cards ranging in age from ten years, 9 months, to eleven years,
three months, were called the "eleven year pile," while those
ranging in age from eleven years, three months to eleven years,
nine months, were called the "eleven year, six months pile."
The procedure resulted in twenty-one piles ranging in age from
ten years up to and including twenty years.
The median strength index, the probable error of this
median, the quartiles, the int erquart il es
,
and semi-inter-
quartile ranges were all determined by statistical procedures
( 2 )
as set forth by Garrett.
(1) F. R. Rogers "Physical Capacity Tests in the Administra-
tion of Physical Education." P.P. 55 - 65.
(2) H. E. Garrett
—
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In examining these procedures in the pages to follow the
*
reader should relate the symbols to the following meanings:
S. I Strength Index
N Number of Cases
Mdn Median
f . .Frequency
1 Lower Limit of the step interval upon
which the median falls.
F .Sum of the Scores on all steps below 1
fm Frequency within the step upon which the
median falls.
i Length of step interval.
Q]_ First quarter or quartile point on the
scale; the point below which lie 25% of
the scores.
Q5 Third quarter or quartile point on the
scale; the point below which lie 75% of
the measures.
Inter range.. Distance between Qi and Q3. Usually this
is called interquartile range.
Q Quartile deviation or semi-interquartile
range
.
P. E.mdn Probable error of the median.
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10 Year Old Level
s. r. Scores f
1250 1299 1 N * 27
1200 1249 1 1 = 50
1150 1199 0 Mdn = 825
1100 1149 1 03 * 1004
1050 1099 1 Ql = 743
Q3 = 1004 1000 1049 3 S. I. inter range * 261
950 999 2 Q * 132
900 949 1 P. E. mdn = 31
850 899 2
Mdn. = 825 800 849 3
750 799 5
Ql = 743 700 749 2
650 699 3
600 649 0
550 599 1
500 549 0
450 499 1
N = 27
Q * 03 - Ql
2
Q = 1004 - 743
2
Q = 132
I
5
* E. mdn. = 1 .2555
4 N
P. E. mdn. = 1 . 2553 X 152
127
P. E. mdn.
i
31.87
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10 Years, 6 Months Level
S. I. Scores f
1500 1549 2 N 61
1250 1299 2 i 50
1200 1249 1 Mdn _ 820
1150 1199 5 Q5
Ql
S. I. inter range
995
1100 1149 1 724
1050 1099 1 —
-
271
1000 1049 5 Q = 156
0,5 - 995 9 50 999 5 p
* mdn 21.85900 949 6
850 899 5
Mdn
.
= 820 800 849 6
750 799 6
Ql = 724 700 749 15
650 699 5
600 649 4
550 599 2
= 61
P. E. mdn. =
P# E
* mdn. =
P.
1.2555 Q
1.2555 X 156
{ST
E mdn 21.85
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11 Year Old Level
S. I. Scores
1700 1799
1600 1699
1500 1599
1400 1499
1300 1399
1200 1299
1100 1199
Q3 = 1 003 1000 1099
900 999
Mdn. = 871 800 899
Ql 741 700 799
600 699
500 599
N = 82
i * 100
Mdn - 871
Q-* = 1003
Ql= 741
S. I. inter range * 262
Q = 131
mdn »
Q * 03 “ Ql
2
Q * 1005 - 741
2
Q = 131
f
2
0
0
0
2
5
5
10
13
14
18
8
5
32
100
Ill frfG. L :
OV
.
.
. .
; 0
<
,
ee-;i
•
• r n I . y " :
*
.
j, - p
.
.
‘j
;
• •
» .
.
• •
6 Months Level
Q3 =
Mdn.
Ql 3
Mdn.
Mdn.
Mdn.
P. E
P.
11 Years,
S_» 1^ Scores f
1500 1599 ' 2 N ; 103
1400 1499 0 i = 100
1300 1399 5 Mdn 5 889
1200 1299 3 03 * 10221100 1199 8 Ol - 7691022 1000 1099 10 Inter range * 253
900 999 21 0 * 127
= 889 800 899 24 P « 3
. mdn . * 15
769 700 799 14
600 699 14
500 599 1
400 499 1
N = 103
0 - Q3 ~ Ql
2
- 799.
5
t
X 100 Q - 1022 - 769
2
* 889 Q = 127
mdn. = 1.2555 Q
,
H
• mdn. - 1.2553 X 127
103
E. mdn 15.69
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12 Year Old Level
S. I. Scores
1700 1799 1 N 90
1600 1699 1 i = 100
1500 1599 1 Mdn =• 1027
1400 1499 2 03 = 1195
1300 1399 9 Ql — 850
1200 1299 8 Inter range = 345
03 - 1195 1100 1199 10 0 =• 173
Mdn. - 1027 1000 1099 18 P* E» mdn — 22
900 999 12
Ql ** 850 800 899 11
700 799 6
600 699 8
500 599 3
N = T5T3
Mdn . ' If - F
fm
X 1
Mdn. = 999.5 -1-/
__ 4q
18
X 100
Q = 03 - 0,1
2
Q = 1195 - 850
2
Mdn. - 1027 Q = 173
P. E. mdn. = 1*2553 Q
P . E
. n
.
^ 1 » 2553 X 175
^9CT
P. E. mdn. ” 22.87
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12 Years, 6 Months Level
Q3 = 1340
Mdn . = 1147
Q-j^ = 998
S. I_.
1800
1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
Scores
1899
1799
1699
1599
1499
1399
1299
1199
1099
999
899
799
699
599
499
1
3
4
8
7
13
15
20
21
16
6
5
2
1
1
N = 123
Mdn. =
fm
X i
Mdn. - 1099.5tA|3
_ 52
20
X 100
Mdn. = 1147
E * mdn. - 1*2535 Q
E. mdn . = 1.2555 X 171
{ 123
P. E. mdn. — 11*09
N = 123
1 = 100
Mdn = 1147
Q3 = 1340
Ql - 998
S. I. inter range = 342
Q = 171
P. E. mdn — 19.33
Q = 03 “ Ql
Q = 1340 » 998
2
Q = 171
i

13 Year Old Level
03 =
Mdn.
Ql =
Mdn,
Mdn.
Mdn.
P. E
P. E
1464
= 1258
1055
;. i. Scores f
1800
1700
1600
1500
1400
1300
1899
1799
1699
1599
1499
1399
2
2
8
13
7
18
N
1
Mdn
Q3
Ql
Inter range
Q
P . E. mdn
= 110
= 100
= 1258
= 1464
= 1055
= 409
- 205
1200
1100
1299
1199
12
16
^ 24.51
1000 1099 10 -
900 999 11
800 899 8
700 799 2
600 699
_JL
N - 110
Q - 03-01
2
= 1199.5 + 0 = 1464 - 1055
2
= 1258 Q
- 205
mdn . - 1 • ^ 555 Q
VF"
mdn • — 1.2533 X 205
-fiTcT
P. E. mdn 24.51

13 Years, 6 Months Level
03 =
Mdn,
Ql =
Mdn.
Mdn.
Mdn.
P. E
P. E
S. I. Scores f
N = 127
2100 2199 2 i = 100
2000 2099 0 Mdn 1283
1900 1999 2 03 — 1530
1800 1899 4 Ql -- 1108
1700 1799 4 Inter range 422
1600 1699 10 0 211
1530 1500 1599 14 P* S. mdn — 23
1400 1499 12
1300 1399 13
1283 1200 1299 15
1108 1100 1199 21 i
1000 1099 7
900 999 13
800 899 8
700 799 2
N = T27
0 - 05 - Ql
2
= 1199.5+ / 127 _ 51 \
Vr4ry x 100
0 - 1550 - 1108
2
= 1283 Q
= 211
mdn . = ! .2535
mdn. = 1.2553 X 211
-J127
P. E. mdn 23.48
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14 Year Old Level
S. I. Scores f
TlTTO "2199 2 N * 147
2000 2099 2 i = 100
1900 1999 0 Mdn. = 1352
1800 1899 7 03 * 1561
1700 1799 6 Ol = 1181
1600 1699 14 Inter range * 380
03 * 1561 1500 1599 15 0 * 190
1400 1499 19 P. E. mdn. = 19
Mdn. = 1352 1300 1399 18
1200 1299 24
Ql * 1181 1100 1199 18
1000 1099 16
900 999 6
N = TV7
Mdn. -It X i
Mdn - 1299.5 147 X 100
Q = 05 Ql
2
Q r 1561 - 1181
2
Mdn - 1352
Q = 190
P. E.mdn. a 1.2553 Q
nHT
P. E.mdn. = 1*2533 X 190
^
1 47
P* E.mdn. = 19.16
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14 Year, 6 months Level
S. I. Scores f
2150 2299
2000 2149
1850 1999
1700 1849
Q3 = 1558 1550 1699
Mdn s 1400 1400 1549
1250 1399
- 1200 1100 1249
950 1099
800 949
4 N = 140
3
'
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15 Year Old Level
S. I_. Scores f
2550 2499 1 N = 206
2200 2549 5 i = 150
2050 2199 4 Mdn * 1421
1900 2049 9 05 - 1669
1750 1899 18 Ql * 1172
Q3 = 1669 1600 1749 27 Inter range = 497
1450 1599 54 Q = 249
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15 Years, 6 months Level
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2500 2649
2350 2499
2200 2349
2050 2199
1900 2049
1750 1899
03 - 1683 1600 1749
1450 1599
Mdn - 1336 1300 1449
Oi = 1158 1150 1299
1000 1149
850 999
700 849
650 699
f
1 N 198
2 i = 150
1 Mdn = 1336
10 Q3 = 1683
8 Ql = 1158
20 Inter range — 525
17 Q - 263
18 P. E. mdn 23
29
45
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4
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16 Year Old Level
S. I. Scores f
2500 2649 1 N - 150
2350 2499 0 i - 150
2200 2349 4 Mdn — 1371
2050 2199 3 03 — 1672
1900 2049 10 01 1133
1750 1899 9 Inter range - 539
03 = 1672 1600 1749 20 Q — 270
1450 1599 18 E. mdn — 27
Mdn. - 1371 1300 1449 19
1150 1299 26
Ql = 1133 1000 1149 23
850 999 16
700 849 1
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16 Years
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6 months Level
S. I. Scores f
2200 2549 5 N * 102
2050 2199 5 1 = 150
1900 2049 4 Mdn = 1462
Q3 = 1755 1750 1899 14 05 = 1755
1600 1749 15 Ql » 1181
Mdn . = 1462 1450 1599 15 Inter range = 574
1500 1449 15 0 = 287
Q! - 1181 1150 1249 12 P* mdn = 55
1000 1149 17
850 999 4
700 849 2
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2450 2599 0 Mdn - 1650
2300 2449 6 03 s 18682150 2299 7 Ql 13672000 2149 9 Inter range — 501
1850 1999 8 0 — 2501700 1849 24 P* E# mdn 281550 1699 15
1400 1549 17
1250 1399 14
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950 1099 3
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17 Years, 6 Months Level
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03 = 1870
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18 Year Old Level
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2550 2699 1 N - 103
2400 2549 1 i s 150
2250 2399 5 Mdn SS 1560
2100 2149 1 03 5= 1791
19 50 2099 7 Ql — 1272
1800 1949 10 Inter range = 519
03 = 1791 1650 1799 14 0 = 260
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18 Years, 6 months Level
S. I. Scores f
2200 2299 1 N - 108
2100 2199 1 1 *= 100
2000 2099 2 Mdn - 1463
1900 1999 5 Q3 — 1685
1800 1899 7 Ql = 1270
1700 1799 9 Inter range = 415
03 - 1685 1600 1699 14 Q - 208
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Mdn = 1463 1400 1499 11
1300 1399 17
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19 Year Old Level
S. I. Scores
2500 2649 2 N - 90
2350 2499 1 i - 150
2200 2349 1 Mdn - 1514
2050 2199 3 03 = 1714
1900 2049 6 0l = 12761750 1899 5 Inter range - 438
Q3 * 1714 1600 1749 19 0 = 219
Mdn = 1514 1450 1599 14 P • E • rndn = 28
1300 1449 14
01 = 1276 1150 1299 16
1000 1149 6
850 999 1
700 849 2
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1600 1699 2 Ql - 1243
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* STRENGTH INDEX CHART AND TABLE
A curve, using the strength index raw score medians as
calculated in the preceding pages was plotted on a large sheet
of cross-section paper. This curve was then smoothed by mathe-
(1)
matical formula, finally resulting in a smooth curve which is
truest to the entire set of scores. Chart (I), a duplicate
of the large chart shows the graphic relationship of the smooth-
ing process and the final smooth curve. On the chart the green
line indicates the curve as drawn using the raw score medians.
The brown line shows the results of the second smoothing and
the blue line shows the final smooth curve.
An inspection of the curve indicates a rather steady
growth in strength after pubescence and up to the age of
thirteen years, six months. Here the curve indicates a slowing
down in muscular growth until about the age of fifteen years,
six months when muscular development is again accelerated. At
seventeen years, six months, a girl has apparently attained
her maximum skeletal muscular development for then follows a
steady decline until about twenty years of age when a leveling
process again appears.
Table (ll) shows a mathematical analysis of the changing
medians resulting from the smoothing process. The final column
shows the strength index medians on each age level used in
establishing the norms.
(1) H. E. Garrett--”Statistics in Psychology and Education”
P—67.
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TABLE II
Mathematical Results of Smoothing Process
STRENGTH INDEX
Raw Score First Second Third
Age Medians Smoothing Smoothing Smoothing
Green Brown Red Blue
10 825 823 827 831
10-6 820 835 839 847
11 871 860 875 884
11-6 889 929 937 948
12 1027 1021 1031 1033
12-6 1147 1144 1131 1129
13 1258 1229 1224 1215
13-6 1283 1298 1291 1287
14 1352 1345 1345 1337
14-6 1400 1391 1374 1368
15 1421 1386 1384 1884
15-6 1336 1376 1384 1396
16 1371 1390 1420 143016-6 1462 1494 1485 1487
17 1650 1571 1556 153817-6 1600 1603 1572 1560
18 1560 1541 1552 154118-6 1463 1512 1500 1507
19 1514 1448 1469 147019-6 1366 1447 1441 1448
20 1460 1429 1435 1437
se-300'T’l
WEIGHT MEDIANS, PROBABLE ERROR OP MEDIANS, QUARTILE AND
INTERQUARTILE RANGES AND WEIGHT DEVIATION MULTIPLIERS
ON DIFFERENT AGE LEVELS,
Median weights and related measures, were determined in
the same manner as that used in determining strength index
medians. In addition, the weight deviation multipliers for
each age group were calculated. This is accomplished by divid-
ing the interquartile ranges in strength index points by those
in weight. Additional symbols found in the following pages
with which the reader should be familiar are:
Wt Weight.
W. D. M. or Wt. Dev. Mul Weight Deviation Multiplier.
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10 Year Old Level
Wt. Scores f
130 134 1 N ~ 27
125 129 0 1 = 5
120 124 0 Mdn — 81
115 119 1 03 88
110 114 0 Ql — 75
105 109 1 Wt. inter range 13
100 104 0 0 = 7
95 99 2 P. E. mdn JZT 1
90 94 1 S. I. inter range = 261
03 = 88 85 89 3 W. D. M. = 20
Mdn. = 81 80 84 7
Ql = 75 75 79 5
70 74 4
65 69 1
60 64 1
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P. E. mdn. = 1»69
Wt. Dev. Mul.
W. D. M.
S. I. inter range
WT; .“Tnter range
261
"13
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10 Years, 6 Months Level
03 =
Mdn • =
Ql =
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Mdn . -
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150 159
140 149
130 139
120 129
110 119
100 109
96 90 99
83 80 89
73 70 79
60 69
50 59
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0
1
1
1
6
15
8
21
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_1
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i =S 10
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W. D. M. 9 11
0 = 03 - Ql
Mdn.
10
Q ^ 96 - 75
2
Mdn . = 83
P. E. mdn.
|
E * mdn.
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11 Year Old Level
Wt. Scores
120 124
115 119
110 114
105 109
100 104
Q3 ~ 96 95 99
90 94
85 89
Mdn . -’ 83 80 84
75 79
Ql = 72 70 74
65 69
60 64
55 59
1
2
2
6
4
7
7
8
11
8
11
8
5
2
N
1
Mdn
Q3
Ql
Wt. inter range
Q
P. E. mdn
S. I. inter range
W. D. M.
82
5
83
96
72
24
12
1.66
262
10.91
N = 82
Q * Q5 ~ Ql
2
Q = 96 - 72
2
Mdn . = 83 Q
= 12
3# mdn.
p • 3 • mdn
.
1.2 533 Q Wt. Dev. Mul. =. S. I. inter range
WE.
-
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1.2533 X 12 W. D. M. = 262
24
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W. D. M 10.91
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P. E
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11 Years, 6 Months Level
Wt. Scores f
125 129 1
120 124 5
115 119 3
110 114 5
105 109 3
100 104 8
99 95 99 8
90 94 15
88 85 89 9
80 84 14
76 75 79 10
70 74 11
65 69 7
60 64 2
55 59 2
N = 103
N = 103
i = 5
Mdn = 88
03 = 99
Ql = 76
Wt. inter range = 23
Q = 12
P* E. mdn — 1.48
S. I. inter range = 253
W. D. M. = 11
0 * 05 ~ Ql
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0 ® 99 - 76
2
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0 = 12
- S. I. inter range
W£."“Inter range
= 253
= 11
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= 88
80
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125 129 3 N s 90
120 124 5 i * 5
115 119 2 Mdn = 88
110 114 4 O3 * 100
105 109 6 Q-L - 80100 104 3 Wt. inter range = 20
95 99 9 Q = 10
90 94 9 P . E. ^n - 1
85 89 11 S. I. inter range r 345
80 84 16 W. D. M. - 17
75 79 8
70 74 4
65 69 7
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12 Years, 6 Months Level
Wt. Scores
Q3 * 108
Mdn. * 9 5
Ql = 83
160 169 1 N = 123
150 159 1 i -- 10
140 149 0 Mdn =• 95
130 139 5 03 3 108
120 129 7 Ol -- 83
no 119 14 Wt. inter range 5 25
100 109 21 0 s 13
90 99 31 P. E. mdn s 1
80 89 18 S. I. inter range * 342
70 79 17 W. D. M. = 13
60 69 7
50 59 1
Mdn 3 1+(us X i
Mdn- 89.5 + ( i25 _ 43 j x io
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13 Year Old Level
42;
Wt. Scores f
"
N & 110
160 169 2 1 3 10
150 159 1 Mdn 101
140 149 5 03 * 115
130 139 8 Ol 90
120 129 4 Wt. inter range = 25
03 ' 115 110 119 16 0 * 13
Mdn. = 101 100 109 22 P. E. mdn 1
01 = 90 90 99 27 S. I. inter range = 409
80 89 13 W. D. M. 16
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13 Year3, 6 Months Level
• Scores f
N - 127
170 179 1 i = 10
160 169 3 Mdn -- 104
150 159 2 03 = 118
140 149 8 Ql = 93
130 139 4 Wt. inter range - 25
120 129 11 0 -- 13
03 ’ 118 110 119 16 P. E. mdn -- 1.
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14 Year Old Level
M§i
Wt.
T^U
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—rss
f
T N 147
150 159 2 i = 10
140 149 7 Mdn 108
130 139 5 Q3 = 119
120 129 19 Ql 99
119 110 119 33 Wt. Inter range 20
= 108 100 109 41 Q =• 10
99 90 99 27 P» E. mdn sz 1.
80 89 11 S. I. Inter range = 380
70 79 0 W. D. M. 19
60 69 1
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14 Years, 6 Months Level
Wt. Scores f
190 199 1 N r 140
180 189 0 I - 10
170 179 1 Mdn - 111
160 169 1 03 = 123
150 159 3 Ql s 102
140 149 5 Wt. Inter range 3 21
130 139 8 0 2 10.5
03 5 123 120 129 26 P . E.mdn. a 1.1
Mdn. = 111 110 119 30 S. I. Inter range 3 358
Ql * 102 100 109 39 W. D. M. * 17.0
90 99 14
80 89 8
70 79 4
N * 130
Mdn. = 1 + f |-P
fm
'X i
Mdn. = 109.54-1 _ 65
30
X 10
Q 3 03 - Ql
Q = 125 - 102
2
Q = 10.5
Mdn. = 111
P. E. mdn. = 1.2 533 Q
r
P. E. mdn. - 1*2533 X 10.5
Wt. Dev. Mul . - S. !•_ Inter range
WT. Inter range
358
“STW. D. M.
W. D. M. = 17.04
E. mdn. = 1

03 -
Mdn.
Ql =
Mdn.
Mdn.
Mdn •
P. E
P. E
15 Year Old Level
Wt. Scores f
170
160
150
140
130
125 120
= 114 110
105 100
90
80
70
179 1 N = 206
169 1 i —
•
10
159 5 Mdn =r 114
149 6 03 — 125
139 24 Ql 105
129 35 Wt. inter range = 20
119 54 Q 10
109 57 P. E. mdn __ 37
99 19 S. I. Inter range = 497
89 3 W. D. M. 24.85
79 1
N = 206
0 = 03 - Ql
Q = 125 - 105
2
Q = 10
mdn . = 1 « 2 555 _Q
V
5
" Wt. Dev. Mul . = S. I. inter range
VT5.Tnter range
W. D. M. —
* mdn. - 1*2555 X 10
J206
497
"TO
W. D. M. = 24.85
P. E mdn 87
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Q =
Mdn.
Q s
Mdn.
Mdn.
Mdn.
P. E
P. E
P. E
15 Years, 6 Months Level
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.
Wt. Scores
127
116
106
170
160
150
140
130
120
110
100
90
80
179
169
159
149
139
129
119
109
99
89
1 N = 198
8 i = 10
4 Mdn = 116
10 Q = 127
18 Q = 106
42 wt. inter range = 21
53 Q = 10.5
38 P. E.Mdm. = .93
22 s. I. inter range = 525
4 W. D. M. = 25
N = 198
= 109
= 116
X 10
Q = 03-01
Q, = 127 - 116
2
Q = 10.5
* mdn.= 1.2553 Q
. mdn
.
= 1.2553 X 10.5
^198
Wt. Dev. Mul. =
W. D. M. =
S. I. inter range
Wf.Tnter range
525
21
W. D. M. = 25
mdn. .93
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03 =
Mdn.
0i --
Mdn.
Mdn.
Mdn.
P. E
P. E
16 Years Old Level
Wt. Scores f
200
190
180
170
160
150
140
130
128 120
» 117 110
107 100
90
80
209
199
189
179
169
159
149
139
129
119
109
99
89
1
0
1
0
2
2
11
14
35
37
35
11
1
N - 150
i = 10
Mdn - 117
O3 * 128
Ql c 107
Wt. inter range = 21
0 = 10
P. mdn - 1
S. I. inter range - 539
W. D. M. = 25
0 = 03-01
2
* 109. 54-
10
- 117
mdn.
mdn.
1.2 533 Q
Tpr
1.2553 X 10.5
TflSO"
Wt. Dev. Mill.
W. D. M.
W. D. M.
Q * 128 - 107
2
Q = 10.5
S. I. Inter range
Wt .“Inter range
539
“2T
25.6
P. E. mdn 1.07
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16 Years, 6 Months Level
•I
-P Scores f
150 159 2 N — 102
140 149 11 i zz 10
135 130 139 28 Mdn zz 125
- 125 120 129 23 03 135
113 110 119 19 Ql 113100 109 13 Wt. inter range 22
90 99 4 0 _ 1180 89 2 P* E. mdn — 1.36
N = 102 S . I. inter range 574
W. D. M. = 26
it' N2 - F
fm
X i 0 - 03 - Qi
119. 5 1 /— - 38
X 10
23
125
Q = 155 - 113
2
Q , 11
.
mdn. = 1.2553 Q Wt. Dev. Mul.
{T
- Sj_ !•_ inter range
Wt. inter range
» mdn. - 1.2555 X 11
Jl02~
W. D. M. = 574
22
W. D. M. = 26.0
P s * mdn 1.36
..c
.
.
.
.
.
.
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17 Year Old Level
Wt. Scores f
160 169 2 N — 120
150 159 4 i = 10
140 149 5 Mdn = 119
03 5 151 130 139 21 03 = 131
120 129 24 Ql = 111
Mdn. - 119 110 119 40 Wt. inter range — 20
Ql r 111 100 109 21 0 = 1090 99 2 F* E. mdn - 1 .1 4
80 89 0 S. I. inter range - 501
70 79 1 W-PM. - 25.0
N = 120
Mdn. It/ | - F
15
" X 1
0 = 03 " Ql
Mdn. = 109.5t ' - 24
X 10
40
Q = 151 - 111
2
Mdn . * 119
0 = 10
P. E. mdn . - 1.2533 g
<[W
Wt. Dev. Mul. - S. I. Inter range
Wt. inter range
P. E %idn. - 1.2555 X 10
spo
E * mdn. - 1*14
W. D. M. 501
~~2T3
W. D. M. - 25.0

%
Mdn.
Q1 s
Mdn.
Mdn.
Mdn
.
P. E
P. E
P. E
17 Years, 6 Months Level
Wt. Scores f
155 159 2 N 100
150 154 1 i =T 5
145 149 5 Mdn * 123
140 144 7 03 = 133
135 139 6 Ql 112
133 130 134 10 Wt . inter range - 21
125 129 12 Q = 10.5
* 123 120 124 19 P. E. mdn ZZ 1.31
115 119 6 S. I. inter range = 450
112 110 114 13 W. D. M. = 21.42
105 109 12
100 104 2
95 99 4
90 94 1
N - 100
It / N T?
2
- F
^
fm
X i
119.51 / 1°° - 38
W X 5
0 = 03 " Ql
Q = 153 - 112
2
Q — 10.5
= 123
• mdn.
* mdn.
• mdn.
1.2 533 1
fr
1.2555 X 10.5
>fl00
1.31
Wt. Dev. Mul. =
W. D. M. -
W. D. M. =
; +v
S. I. Inter range
Wt. inter range
450
“21
21.42
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18 Year Old Level
—• 1 a 5
Man. = 121
Qx = 113
•1-PI Scores f
170 179 1 N 103
160 169 4 i s. 10
150 159 3 Mdn - 121
140 149 8 Q3 — 135
130 139 20 Ql — 113120 129 18 Wt. inter range zz 22
110 119 35 Q = 11
100 109 11 P • E. mdn — 1.3590 99 2 S. I. inter range - 519
80 89 0 W. D. M. 23.59
70 79 1
N = 103
Q s Q3 ” Qi
2
Mdn. 119 . btl - 49
18
X 10
Q = 155 - 115
2
Q = 11
Mdn = 121
P* E. mdn. 1 . 2 533 <
{¥
Wt. Dev. Mul. r
P * E
* mdn. -
p
* mdn. s
1.2533 X 11
1.35
W. D. M. -
W. D. M. -
S. I . inter range
Wt. inter range
519
“25
23.59
I"If*
IL
—
.
18 Years
,
6 Months Level
———-=
=l~
03 =
Mdn.
Ql =
135
124
113
Wt
.
160
150
140
130
120
110
100
90
80
Scores
169
159
149
139
129
119
109
99
89
N =
1
4
12
21
28
23
14
4 S. I
1
T05
wt
N =
i =
Mdn =
03 =
01 =
Inter Range =
0 -
P. E. m(jn =
inter range =
W. D. M. -
108
10
124
135
113
22
11
L32
415
ia86
Mdn. - If N - P
fm
X i
Mdn. r ll9.5f/i°§ _ 42
28“
Mdn. - 124
P • E
• mdn • r 1 >2533 Q
pr
P . E. mdn. ~ 1.2 555 X 11
Jl08
P. E. mdn. - 1*32
X 10
0 = 03-01
0 = 155 - 115
2
0 ^ 11
Wt. Dev. Mul
• = S. I. inter range
Wt ."“Inter range
W. D. M. = 415
22
W. D. M. = 18.86

Q3 -
Mdn.
Ql =
Mdn.
Mdn.
Mdn.
P. E
P. E
137
125
115
19 Year Old Level
Wt. Scores f
N - 90
230 239 1 i ^ 10
220 229 0 Mdn = 125
210 219 0 Q3 - 137
200 209 0 Ql = 115
190 199 1 Wt. inter range = 22
180 189 1 Q = 11
170 179 1 P* E. mdn = 1
160 169 1 S. I. inter range = 438
150 159 4 W. D. M. - 19
140 149 9
130 139 18
120 129 21
110 119 21
100 109 10
90 99 1
80 89 1
N = 373
» It
fm
X i
119.5
f
90
“5 _ 33
IS"
X 10
Q = 03 - Ql
Q = 157 - 115
2
Q = 11
= 125
mdn. = 1.2533 Q
mdn. - lJi635_X.ll
(~90
Wt . Dev . Mul
.
W. D. M.
S. I. inter range
WT .~Tnter range
438
"722
W. D. M. = 19.90
E. mdn 1.45
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19 Years, 6 Months Level
Wt. Scores
175 179
170 174
165 169
160 164
155 159
150 154
145 149
140 144
Q3 = I35 135 139
130 134
Mdn. = 125 125 129
120 124
115 119
Ql = 113 110 114
105 109
100 104
f
50
5
125
135
113
22
11
1.94
307
13.94
1
0
1
1
1
0
2
3
4
5
7
9
2
5
7
2
N
1
Mdn
03
Ql
Wt. Inter range
Q
P. E. mdn
S. I. inter range
W. D. M.
50
Mdn.
Mdn.
Mdn.
It /§- F
fm 7
x i
119.5 f /j>2 _ 16
X 4
125
0 = 05 ~ Ql
2
0 = 155 - 112
2
Q = 11.5
p * E. mdn.
p
* mdn.
1.2533 Q
nJIT
Wt. Dev. Mill
.
S. I. inter range
WE .""inter range
1.2533 X 11
f50~
W. D. M.
W. D. M.
307
“22
13.94
P mdn 1.94
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20 Year Old Level
O3
Mdn.
Qi
Mdn.
Mdn.
Mdn.
P. E
P. E
P. E
Wt. Scores
170
165
160
155
150
145
140
135
130
125
122 120
115
113 110
105
100
95
90
85
131
174
169
164
159
154
149
144
139
134
129
124
119
114
109
104
99
94
89
N =
1
0
0
1
0
0
3
4
4
7
7
6
4
6
1
1
0
_JL
46
N - 46
1 - 5
Mdn = 122
Q3 = 131
01 = H3
V/t. inter range = 18
Q = 9
P. E. mdn = 1*66
S. I. inter range = 327
W. D. M. = 18.16
= 1 +
= 119.5 1-
X 5
0 * 05 - 01
2
0 = 151 - 113
2
Q = 9
* 122
mdn. —
mdn.
1.2 533 i
fT
= 1.2533 X 9
Wt. Dev. Mul. •= S. I. inter range
WU .“Inter rang
e
W. D. M. =
* mdn. = 1*66
W. D. M. = 18.16
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WEIGHT CHART AND TABLE
I Raw score medians for weight were plotted on the large
sheet of cross-section paper and then smoothed by mathematical
formula. On chart (//), a reproduction of the large chart, the
greenline shows the curve as plotted from the raw score medians.
The brown line shows the curve after the first smoothing and
the red line is the final smoothed curve which is truest to the
entire set of scores.
The curves indicate a gradually accelerated rate of
growth up to fourteen years of age. Although increase of
weight with age is still going on after fourteen years, the
rate of increase slows down until about the age of eighteen
years, six months when a leveling process occurs. At the age
of twenty the curve indicates a tendency to drop in weight.
Table (///) shows a mathematical analysis of changing
medians resulting from the smoothing process.
The third column of figures are the median weights for
each age level used in calculating the norms.
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TABLE III
Mathematical Results of Smoothing Process
WEIGHT
RAW SCORE FIRST SECOND
AGE MEDIANS SMOOTHING SMOOTHING
Green Brown Red
10 81 82 82
10-6 83 82 83
11 83 85 8411-6 88 86 87
12 88 90 9012-6 95 95 95
13 101 100 10013-6 104 104 104
14 108 108 10814-6 111 111 111
15 114 114 11415-6 116 116 116
16 117 119 11816-6 125 120 120
17 119 122 12117-6 123 121 122
18 121 123 123
18-6 124 123 124
19 125 125 124
19-6 125 124 124
20 122 123 123

WEIGHT DEVIATION MULTIPLIER CHART AND TABLE
The importance of weight in determining physical accom-
plishments is so great that norms of physical functions not
modified for various weights are relatively invalid* Doctor
Rogers found that^the three static measures of age, height,
and weight, generally used for classification purposes, weight
was the most effective determiner of strength, being more than
(1)
twice as potent as age, the next important factor,
Erna Driftmier, working on strength test norms for college
women, concluded that weight has the highest coefficient with
strength. She states, "it obviously has more functional value
as a strength determiner than either of the other two measures,
(2)
age or height.
Since weight is such an important factor in determining
strength norms, some provision for increase in strength with
increase in weight for a given age must be made. This is ac-
complished through the use of weight deviation multipliers,
calculated for each age level by dividing the interquartile
range in strength index points by the interquartile range in
weight. These quotients v/ere plotted on the large sheet of
cross-section paper and then smoothed by mathematical formula.
(1) F. R. Rogers "Physical Capacity Tests in the Adminis-
tration of Physical Education P. 54.
(2) E. Driftmier "Strength Test Norms for College Women
Entrants .
"
Research Quarterly—March, 1937 P. 80.
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Chart (ill), a reproduction of the curves on the large chart
shows the results. The brown line shows the first curve plotted
from raw scores medians. The blue line shows the result of
the first smoothing; the red line the result of the second
smoothing and the green line the third smoothing or final
smooth curve*
In plotting the first curves the weight deviation
multipliers which were calculated for ages ten and twenty, were
used* Examination of the curve showed an unusual rise on either
extreme* On these extremes, the small number of cases on each
age level, twenty-seven at ten years, and forty-six at twenty
years, suggested possible misrepresentation. In analyzing this
possibility, the cases on ten years and ten years, six months
were combined making a total of eighty-eight cases on a ten-
year, three months level. Similar procedure was followed for
the cases on nineteen years, six months and twenty years,
making a total of ninety-six cases on a nineteen years, nine
months level. These new groupings were analyzed statistically
63, 64,
( pages 65, 66,) and the following figures show the comparative
results:
AGE N S. I. WT. W. D. M.
P. E. of
S. I. Mdn.
P. E. of
WT. Mdn.
10 27 825 81 20.07 31.87 1.69
10-6 61 820 83 11.78 21.85 1.92
10-3 88 822 82 13.04 18.30 1.47
19-6 50 1366 125 13.39 27.29 1.94
20 46 1460 122 18.16 30.31 1.66
19-9 96 1394 124 15.66 21.12 1.40
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Inspection will show a lowering of the weight deviation
multipliers on the ten-year, three months level and the nineteen
years, nine months level. More important is the significant
•
lowering of the probable errors of both the S. I. and weight
medians. This makes it imperative that we use the new weight
deviation multipliers on the new age levels in plotting the
curve. When this was done the extremes of the curve, founded
on more reliable points, were more in keeping with the trend of
the curve. By extending the final smooth curve to the ten-
year and twenty-year abscissae, the weight deviation multipliers
on those age levels were established. The dotted lines on the
chart show what they might have been had the less reliable
points been used.
Application of this procedure to the S. I. and weight i
curves was unnecessary as an inspection of the figures shows
very close relationship for interpolations.
Table (W) shows a mathematical analysis of the changing
weight deviation multipliers resulting from the smoothing pro-
cess. The final column shows the weight deviation multipliers
used in providing for increase of strength with increase of
weight
.
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10 Years, 3 Months Level
63
.
S. lj_ Scores f
1300 1349 2 N 88
1250 1299 3 1 = 50
1200 1249 2 Mdn = 822
1150 1199 3 03 —r. 1000
1100 1149 2 Ql — 726
1050 1099 2 Inter range 274
03 = 1000 1000 1049 8 Q 137
950 999 5 E. mein —
-
18.30
900 949 7
850 899 5
Mdn. = 822 800 849 9
750 799 11
Ql - 726 700 749 15
650 699 6
600 649 4
550 599 3
500 549 0
450 499 1
N = £5
Mdn.
\ fm /
X i Q - Q5 - Ql
2
Mdn. 799.5 t Q ^ 1000 - 726
2
Mdn. - 822
Q = 137
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19 Years, 9 Months Level
S. I. Scores f
2000 2099 3 N = 96
1900 1999 3 i = 100
1800 1899 2 Mdn = 1394
1700 1799 7 Q3 - 1591
1600 1699 8 Ql = 1262
Q3 = 1591 1500 1599 12 S. I. inter range = 329
1400 1499 12 Q = 165
Mdn. = 1394 1300 1399 19 P. E» mdn = 2112
Ql = 1262 1200 1299 16
1100 1199 8
1000 1099 3
900 999 2
800 899 0
700 799 1
N = VS
Mdn. - Wi - F )*
fm J
1 Q ^ 03 - Ql
2
Mdn. = 1299.stf ** _ 30
X 100
Q = 1591 - 1262
2
V 19 /
/
Mdn. = 1394 Q 165
P. E. mdn. = 1.2 533 Q,
{T
P. E. mdn. = 1.2533 X 165
J96
E.
m<3n . = 21.12
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10 Years, 3 Months Level
Wt. Scores f
N = 88
150 159 1 i 10
140 149 0 Mdn =• 82
130 139 2 O3 s= 95
120 129 1 0i = 74
110 119 2 Wt
.
inter range 21
100 109 7 0 = 11
03 - 95 90 99 18 P. E • mdn 1.47
Mdn. = 82 80 89 18 S. I. inter range — 274
Ql - 74 70 79 30 W. D. M.
- 13.04
60 69 8
50 59 1
N - m
Mdn
.
- It I'§- p
)
/ X i o
= 03 - Ql
\ fin / 2
Mdn. ^ 79.5 1
1
8
| _ 39
18
0 95.- 74
X 10
Q - 11
Mdn. = 82
E * mdn. 1.2 533 Q
Ipr
P. E. mdn . , 1.2535 .X 11
Wt. Dev. Mill . _
W. D. M. -
S. I. Inter range
WE .“Inter range
274
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P • E
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19 Years, 9 Months Level
Q3
Mdn,
Q>
Wt
.
Scores f
170 179 2 N 96
160 169 2 i — 10
150 159 2 Mdn 124
140 149 8 Qj = 134
134 130 139 17 0. - 113
124 120 129 30 Wt. inter range - 21
113 110 119 17 Q 11
100 109 16 P . E. Mdn - 1
90 99 1 S. I. inter range - 329
80 89
_1 W. D. M. — 15
N - 96
Mdn . - If / N - P
fm
Mdn. = 119.
5
t
96
X i
_ 35
30
Mdn. = 124
X 10
Q =r Q3 - Ql
Q - 134 - 113
2
Q - 11
P. E. mein, = 1 .2555 Q
p . E * mdn. c 1.2553 X 11
(96
P. E. mdn. = 1.40
Wt. Dev. Mul
.
_ S. I. Inter range
WE .“Tnter range
W. D. M. r 329
"2T
W. D. M. = 15.66
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TABLE I V
Mathematical Results of Smoothing Process
i
Weight Deviation Multipliers
RAW SCORE FIRST SECOND THIRD
AGE MULTIPLIERS SMOOTHING SMOOTHING SMOOTHING
10
Brown Blue FfeB Green
12.3
10 - 3 13.04 12.62 12.38 12.2
10 - 6 11.78 11.91 11.92 12.1
11 10.91 11.23 12.06 12.3
11 - 6 11.00 13.05 12.75 13.0
12 17.25 13.98 14.28 14.0
12 - 6 13.68 15.76 15.13 15.2
13 16.36 15.64 16.27 16.1
13 - 6 16.88 17.41 16.90 17.2
14 19.00 17.64 18.45 18.4
14 - 6 17.04 20.30 20.08 20.4
15 24.85 22.30 22.58 22.3
15 - 6 25.00 25.15 24.33 24.1
16 25.60 25.53 25.40 24.6
16 - 6 26.00 25.53 25.07 25.0
17 25.00 24.14 24.34 24.1
17 - 6 21.42 23.34 22.92 23.0
18 23.59 21.29 21.80 21.5
18 - 6 18.86 20.78 19.82 19.9
19 19.90 17.38 18.16 18.0
19 - 6 13.39 16.32 16.20 16.6
19 -
20
9 15.66 14.90 15.37 15.7
15.0
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Relationship of Strength Index, Weight and
Weight Deviation Multipliers on Different Age Levels.
With the medians and weight deviation multipliers result-
ing from the final smooth curves three graphs were plotted to
show the relationship of the three measures. On Chart IK may
he seen the blue line indicating the strength index curve, the
red line indicating the weight curve and the green line showing
the trend of the weight deviation multipliers on the different
age levels.
The evidence set forth is dynamic in revealing the effects
of physiologic changes on human growth which are manifested
during pubescence and maturity.
At the lower extreme, age ten, generally conceded to be
associated with the beginning of pubescence in girls, we find a
slow but gradual increase in strength. Pubescence Is marked at
first by profound internal readjustments evidently at the ex-
pense of muscular development, since for both boys and girls
there is a flattening tendency of strength curves at the ages
( 1 )
10 - 11. After eleven years, six months, increase in strength
proceeds rapidly up to about thirteen years, six months. Here
the rate of increase slackens until about fifteen years, six
months has been reached. At this age muscular growth is again
(1) F. R. Rogers Fundamental Administrative Measures in
the Administration of Physical Education
P. 161.
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accelerated and is continued until the age of about seventeen
years, six months when a girl apparently has attained her max-
imum muscular development. This leveling tendency between the
ages of thirteen years and six months, and fifteen years, six
months, is associated with the establishment of tremendous
physical and psychic readjustments. The significance of
periodicity with marked individual differences in accompanying
emotional stress is manifested in this part of the strength index
curve. After the age of seventeen years, six months, the
leveling tendency, which finds supporting evidence in other
( 1 )
studies, is accounted for by the supplanting of muscular
fibers with glandular and fatty non-muscular tissue#
The weight curve indicates a gradually accelerated rate
of growth up to fourteen years of age. Although increase of
weight with age is still going on after the fourteen year old
level the rate of increase slows down until about the age of
eighteen years, six months when a leveling process occurs. The
difference in rate of growth of weight is compared to that of
increase in strength index* is practically nil. There is just
the slightest tendency up until the age of fourteen years, six
months for girls to increase in strength at a faster rate than
that associated with weight# At this age "the effect of
maturity on girls is a loss of strength for static weight be-
yond the ages of fourteen years, six months, to sixteen years,
(1) P. R. Rogers Fundamental Administrative Measures in
the Administration of Physical Education
Chart VI P. 160.
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six months, depending on the weight of the individual at that
(1)
age level." This statement is given added emphasis by the
findings as shown on the Chart. At the twenty year mark the
leveling process in both weight and strength is quite apparent.
The green line which indicates the trend of the weight
deviation multipliers on each age level is also a measure of
the variational tendencies of the middle fifty per cent of the
cases. A gradual rise in keeping with the increase in strength
index is to be expected. The continued rise and rate of in-
crease when the strength index was slackening at the fifteen-
year, six months level was analyzed and found to be caused by
the greater range of the strength index scores involved on
these levels. Conversely, the steady decline, out of pro-
portion to the tendency of the strength index curve from
seventeen years, six months, was found to be influenced by the
decreasing range of the strength index scores on these age
levels. At this time the tendency is not only to decline in
strength but also to become closer to average.
Table \/ gives a basis for a mathematical comparison of
the scores from which these curves are plotted.
(1) P. R. Rogers Fundamental Administrative Measures in
the Administration of Physical Education
- P. 157.
*.
•
•
. 1
-
. .
.
.
C
. . . L
)
72 .

TABLE V
Mathematical Relationship of Strength Index, Weight
Deviation Multiplier and Weight on Different
Age Levels
AGS
STRENGTH WEIGHT DEVIATION
INDEX MULTIPLIER WEIGHT
Blue Green Red
10
10-6
11
11-6
12
12-6
13
13
-
6
14
14
-
6
15
15
-
6
16 -
16
-
6
17
17
-
6
18
18
-
6
19
19-6
20
831
847
884
948
1033
1129
1215
1287
1337
1368
1384
1396
1430
1487
1538
1560
1541
1507
1470
1448
1437
12.3 82
12.1 83
12.3 84
13.0 87
14.0 90
15.2 95
16.1 100
17.2 104
18.4 108
20.4 111
22.3 114
24.1 116
24.6 118
25.0 120
24.1 121
23.0 122
21.5 123
19.9 124
18.0 124
16.6 124
15.0 123
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THE NORM TABLE
From the data obtained in the preceeding pages. Table K/
was compiled, providing normal strength indices for all com-
binations of two-pound weight intervals at each six-month age
interval. To accomplish this it was necessary to join each
median strength index to each median weight on the same age
level. The strength index was then called the norm for that
weight and age. To this strength index was added, for each
pound increase in weight, the weight deviation multiplier
established for that age level. For those weights below the
established median weight, the weight deviation multiplier was
subtracted from the median strength index for every one-pound
I
variance.
These calculations, summerized on the Table should provide
|
for practically all the pupils with whom the physical educator
deals. Should the exception occur, a norm for that particular
person could be established by the following proceedure:
(1) Assume a girl nineteen years old weighing two
hundred and ten pounds.
Determine the difference in weight between the
last norm on the nineteen year old level and
the girl whose norm is to be established. In
this case it is sixteen pounds. 210 - 194 s 16.
Multiply sixteen by the weight deviation multi-
plier given at the bottom of the column for
nineteen year old girls: 18.0. The product is
16 X 18 = 288.
(2)
( 3 )
SJHj " [ :JTH*P
t £
.
)
.
.
:
f-
-
.
a f . ‘ t
'
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(4) Add this product to the norm for a girl one
hundred and inety-four pounds. The sum, 2730
t 288 = 3018, is the norm for girls nineteen
years old and two hundred and ten pounds in
weight
•
Although the reliability of the medians on which these
norms were established is comparatively high, physical educators
should not regard them as ideals. Fundamentally they should be
used as a means to fix basis for comparisons. They are standard
points of references to provide basis for judgments or for the
( 1 )
determination of relations.
The statistical work occupying the majority of the preced-
ing pages and the foundations, one might say, on which these
norms were established is summarized on Table VII • Since an
analysis of the variations of the strength index and weight
medians and the weight deviation multipliers has already been
undertaken, I shall turn immediately to an analysis of the
probable errors of these medians.
An inspection of the probable errors of the strength
index medians shows a rather close relationship among them.
The lowest is 15.69 and the highest is 35.64. Where the higher
one occurs, a strength index median almost twice that found op-
posite the lower probable error, also occurs. Further analysis
of this highest probable error in the group indicates that the
chances are fifty in one hundred that the true median does not
(1) F. R. Rogers .... .Fundamental Administrative Measures in
the Administration of Physical Education.
P. 55.
11
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differ from 1462 by more than £ 35.64. We may be practically
certain, ninety-nine and three-tenths chances in one hundred,
that the true median lies within the limits 1462 t 4 X 35.64
or between 1319 and 1605.
The probable errors of the weight medians also indicate
high reliability. They range from .87 to 1.94. This means
the chances are fifty in one hundred that the obtained weight
medians will vary only .76 to 1.55 per cent of the true medians.
(
t«
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AGE
WEIGHT

TABLE VII
Row Score Medians, P. E. of Medians and Wt. Dev. Mul.
S. I. S. I. WT. WT. WT. DEV
AGE CASES MEDIANS p
* mdn* MEDIANS P. E. mdn. MUL.
10 27 825 31.87 81 1.69 20.07
10-3 88 822 18.30 82 1.47 13.04
10-6 61 820 21.85 83 1.92 11.78
11 82 871 18.14 83 1.66 10.91
11-6 103 889 15.69 88 1.48 11.00
12 90 1027 22.87 88 1.32 17.25
12-6 123 1147 19.33 95 1.46 13.68
13 no 1258 24.51 101 1.55 16.36
13-6 127 1283 23.48 104 1.44 16.88
14 147 1352 19.64 108 1.03 19.00
14-6 140 1400 18.96 111 1.11 17.04
15 206 1421 21.81 114 .87 24.85
15-6 198 1336 23.42 116 .93 25.00
16 150 1371 27.64 117 1.07 25.60
16-6 102 1462 35.64 125 ' 1.36 26.00
17 120 1650 28.61 119 1.14 25.00
17-6 100 1600 28.19 123 1.31 21.42
18 103 1560 32.13 121 1.35 23.59
18-6 108 1463 25.09 124 1.32 18.86
19 90 1514 28.95 125 1.45 19.90
19-6 50 1366 27.29 125 1.94 13.39
19-9 96 1394 21.12 124 1.40 15.66
20 46 1460 30.31 122 1.66 18.16

THE RELIABILITY OP THE DIFFERENCES
BETWEEN THE TWO METHODS
The differences obtained between the two proceedure3 of
testing leg strength are so obvious that statistical proof of
reliability could be waived. In the records of the tests by
the two proceedures every score obtained by the belt method
exceeded that of the old hand method.
To establish the reliability of difference, one hundred
cases were selected at random and the scores analyzed using
the formula:
Before using this formula several other factors such as
the means, standard deviations of the groups, and the reli-
ability of the means had to be established*
2 2
1 f °M2 (1)
(1) H. E. Garrett Statistics in Psychology and
Education... P 211

DETERMINING THE MEANS AND STANDARD DEVIATIONS
Frequency Table Using 100 Cases by Belt Method
2
S. I. Scores f X fx fx*
1130 "TO T 10 ro TOO
1095 1129 2 9 18 162
1060 1094 2 8 16 -193 128 !;
1025 1059 2 7 14 186 98 !
990 1024 8 6 48 -7 288
955 989 6 5 30 150
920 954 4 4 16 -7 _ - .07 - c 64 ,*
885 919 3 3 9 roo
'
27
850 884 9 2 18 36
815 849 7 1 7 -.07 7
780 814 9 0 tI55 35
745 779 6 1 6 -2.45 = ci 6
710 744 6 2 12 24
675 709 8 3 24 .07 72
640 674 6 4 24 .07 96
605 639 4 5 20 70033 * c2 100
570 604 5 6 30 180
535 569 3 7 21 147 ij
500 534 7
TOO
8 56
- 133
448
2T33
1
N - 100
C2 3 - . 07
C = . 0049
Ci - -2,45
i = 35
M = 796.05
O' = 161.35
0“ x i
»
0" v 2133 .0049 x 35
\ tuo
"
<T 161.35
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Frequency Table U9ing 100 cases by Hand Method
S. I.
—575
540
505
470
435
A.M. 417.5 400
365
330
295
260
225
Scores f X fx
—
goo 3 3 T5
574 8 4 32
539 2 3 6
504 16 2 32
469 8 1 8
434 17 0 t $3
399 11 1 11
364 19 2 38
329 7 3 21
294 6 4 24
259 3
T33
5 15
7T3S
-109 fx2
1 93 75
128
18
-6
.
-
• 06 s c 64
133" 8
-.06 11
35 76
-27T3 - ci 63
96
-.06 75
-.06 3T2
”73336 - c^
= 100
*
-.06
C2 = .0036
Ci = -2.1
i = 35
M = 415.4
(T = 86.45
O' =
i
.0036 x 35
cr = 86.45
r'C 1 1« bnnH \ sr, bo OOI g;,:lci/ e IdaT vo, ox/petf?
X o. 8 v *CCC<j •
6 t
•*r
•
• V3
—
8SX 3=~~ 05
5 95S
v - ' . 25
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t
XX 60 . - 11 :6o
6V S £65
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DETERMINING RELIABILITY OP THE MEANS
Oki = O’ °M2 «
^
N
CTM = 161.35 0mp - f
6
;*
5
i 100 100
0i\1 - 16.14 Oi
vfg = 8.65
DETERMINING THE RELIABILITY OF THE DIFFERENCE
1
°D or °Ml ~ M2 = \ Omi
2
- 0m2
2
CTd or G 796.05 - 415.4 s \ 16.14
2
- 8.652
% or O’ 370.65 - \J 335.3221
CTD - 18.3
d/CTd - 20.2
It is customary to take a d/(Tj) of 3 as indicative of
significant difference (virtual certainty ).( 1 ) Here it is 20.2.
Further evidence to support the reliability of the dif-
ference obtained by using the belt method is found in the table
i
of differences established by Seymore Maskell in determining
norms for boys.
(1) H. E. Garrett - Statistics in Psychology and Education.
Page 213.
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TABLE SHOWING RELIABILITY OF DIFFERENCES FOR BOYS
Table '"'///!
The Reliability of the Differences Between
the two Averages for each Age.
AGE C DIFFERENCE
10 years
11 years
12 years
13 years
14 years
15 years
16 years
17 years
18 years
19 years
20 years
- 6 months
- 6 months
- 6 months
- 6 months
- 6 months
- 6 months
- 6 months
- 6 months
- 6 months
- 6 months
- 6 months
5.4
3.8
9.4
6.2
6.5
11.6
7.2
8.2
6.4
9.9
6.4
AVERAGE <T DIFF. 7.3
These findings indicate that no matter how often similar
groups are compared the group using the belt method in testing
will always excel the group using the hand method.
S.S. Maskell Revision of the Strength Index Norms for
Boys ...... .Page 15.
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CONCLUSION
The problem of this thesis, that of revising the strength
index norms for girls between the ages of ten and twenty years,
has been brought to a conclusion with the establishment of the
norm chart. Table y/ • Herein lies a contribution, vital to a
measurement program; a basis for more accurate measurement and
consequently, a means of more surely and accurately attaining
a goal
.
Physical educators using these norms, and of necessity
the methods used in establishing them, will provide themselves
with more reliable and valid methods of administering sound
physical education programs.
In using the old method of testing, considerable dif-
ficulty in securing reliable results in the leg strength test
was experienced. These difficulties were especially applicable
to girls and can be attributed to many causes. Foremost
among these are the following:
Clamping the crossbar to the thighs by means of the
tester's hands sometimes bruised the subject and
militated against a maximum lift.
The lifting tests were painful. To carry from four
to six hundred pounds on the thighs is not pleasant.
Subjects so affected occasionally avoided subsequent
testing.
It is impossible to hold the bar securely enough to
obtain the maximum lift in testing the stronger sub-
jects. The large, medium, the exceptionally tall,
lithe and heavy types of individuals were never as
accurately tested as were opposite types.
The new method of testing eliminates the foregoing dif-

85
ficulties and provides many added advantages.
Because the old method of testing was so fatiguing and be-
cause many women teachers lacked the strength to properly hold
the bar on the thighs, P. F. I, testing of girls has lagged.
Where it has been carried on, men have tested the girls. This
procedure, involving the grasping of the girl’s thighs by the
testers, has evoked much unfavorable comment. The use of the
belt is a complete solution to both of these problems.
The confidence of the subject is increased. The use of
the belt with the feeling of support given, increases the con-
fidence of the individual, particularly the timid types who
may fear a strain.
The accuracy of the measurement is increased because the
subject being tested is placed in a more natural upright
position for lifting. A considerable increase is made in the
angle made by the legs. This results in securing a truer
measure of the actual leg strength of the individual and is
due to a more favorable mechanical advantage in lifting.
Last but not least is the advantage afforded the tester.
A teacher can now enthusiastically test a large number of
pupils without loseing his effectiveness. Using the old
method it was not uncommon to discover gross errors in re-
sults due to the fatigue of testers. The use of the belt con-
serves the energy of teachers as well as being more satisfactory
to the subjects.
In general, the use of this new method is in keeping with
. *
-
«
.
*
.
.
*
*
’•
-
*
the cardinal function of measurement, that is, the progressive
elimination of change or waste*

RECOMMENDATIONS
(1) In the testing of the many subjects considerable dif-
ficulty was found in testing the taller girls because of the
shortness of the chain attached to the dynamometer. The correct
position of the belt necessarily raises the cross bar which
hooks on to the chain. Although the test can be given by
adjusting the belt and lowering the bar, most efficient re-
sults can be obtained by adding at least three links to each
dynamometer chain.
(2) A certain amount of actual testing and application of the
theory of testing should be required of all students majoring
in physical education. Knowledge of testing and its theories
is necessary but actual practice is the more convincing factor
and a necessary factor in the promotion of sound physical ed-
ucation based on measurement.
(3) A revision of the strength index norms for boys should be
undertaken. An inspection of the weight deviation multipliers
for norms by the old method and the weight deviation mul-
tipliers for norms using the belt show no difference until the
age of eighteen. Here it is practically nil while in this re-
vision the weight deviation multipliers show a considerable
difference. This is to be expected where much larger leg
strength scores are found with practically the same weight
medians
•
(4) A duplicate research along the same lines as set forth

in these pages should be made for the purpose of substantiating
these findings. To prove or disprove many points involved was
difficult because of the lack of similar studies. In fact,
authorities are admittedly without knowledge on the subject and
express surprise in the trend of the strength index curve. An
eminent psychologist of the Judge Baker Foundation has written:
n I do not understand the sharp rise at 17, with the very
sharp drop following. I should not expect the strength to de-
crease in any measure at that time.”
It is not ray purpose nor am I capable of suggesting fal-
lacy in the judgment but I do want to show that this and the
lack of other evidence in the field, points the way for great
possibilities in the field of physical education and research
along these lines.
In a letter from Doctor Cannon of the Harvard Medical
School he writes, ”lf you have done nothing more you have
indicated the need for further investigation of your interest-
ing curves.”
Oj
'
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of the thoughts and feelings which must have been the inspira-
tion for these lines by Emerson:
"Whatever your goal may be, strike out for it
l
What if you die in the attempt? Well, if you
put every shred of yourself into the attempt, you
will have had life’s one great exhilarating and
soul -satisfying experince anyhow. And when you
start out to pursue your dreams, be prepared for
a great discovery. It is the effort Itself that
will give you peace. This peace goes with you as
you grow older, becomes your choicest companion,
never leaves you. Wresting this peace from a
troubled world is about all there is to the
secret of happiness.”
—Ralph Waldo Emerson.
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